Abstract.-DNA preparations from seven bacterial species and from the E. coli phage T4 can, after denaturation with alkali, be separated chromatographically into two distinct components (L and H) through intermittent gradient elution from methylated albumin kieselguhr columns. The direct chemical analysis of the L and H fractions isolated from DNA specimens of the AT type shows them to exhibit a high degree of complementarity; but despite a bias in the distribution of purines and pyrimidines, either fraction contains equimolar quantities of 6-amino and of 6-keto nucleotides. In the L and H components derived from DNA of the equimolar and GC types, the distribution bias appears limited to guanine and cytosine. It is suggested that the L and H fractions represent the complementary DNA strands.
Abstract.-DNA preparations from seven bacterial species and from the E. coli phage T4 can, after denaturation with alkali, be separated chromatographically into two distinct components (L and H) through intermittent gradient elution from methylated albumin kieselguhr columns. The direct chemical analysis of the L and H fractions isolated from DNA specimens of the AT type shows them to exhibit a high degree of complementarity; but despite a bias in the distribution of purines and pyrimidines, either fraction contains equimolar quantities of 6-amino and of 6-keto nucleotides. In the L and H components derived from DNA of the equimolar and GC types, the distribution bias appears limited to guanine and cytosine. It is suggested that the L and H fractions represent the complementary DNA strands.
As we reported recently,1-3 denaturated DNA of Bacillus subtilis can be separated by a technique of intermittent gradient elution from a column of methylated albumin kieselguhr (MAK), into two fractions, designated, by virtue of their buoyant densities, as L (light) and H (heavy). Taking into account some of the requirements that genuine strands deriving from a native DNA duplex must fulfill,4 we concluded (on the basis of evidence bearing on the biological activity, nucleotide composition, and temperature-absorbance behavior) that the two fractions isolated from B. subtilis DNA represented indeed such complementary strands. They could be annealed together easily, thereby regaining considerable secondary structure as shown by transforming activity and hypochromicity; they were in their nucleotide composition strictly complementary so that the adenine content of fraction L was equivalent to the thymine content of fraction H, the guanine of L to the cytosine of H, etc.; the greater abundance of purines in fraction L was matched by that of pyrimidines in fraction H. As would be expected of genuine strands,4 the molar sums of A + T and of G + C did not vary in the two fractions5 and were identical with those found in the native DNA, and this was, therefore, also true of the dissymmetry ratio A + T/G + C; but the preparations also exhibited an unexpected regularity, which would not have been predicted for a single strand, namely, the equality of the 6-amino and the 6-keto nucleotides, A + C and G + T.
We were naturally interested in the generality of these observations and in their biological meaning with respect to template functions, etc. While the latter problem will be taken up in a subsequent paper, we present here evidence that denatured DNA from seven microbial species and from bacteriophage T4, representing DNA varieties of the AT, GC, and equimolar types, can be separated on Isolation and denaturation of DNA: The DNA preparations from the genus Bacillus were isolated in the usual manner.6 From all other organisms DNA was isolated by a procedure9 in which the cell wall was degraded by pronase instead of lysozyme. DNA of bacteriophage T4 was prepared by phenol extractions and, before denaturation by alkali, subjected to shear by stirring the solution (20-40 jg DNA/ml) for 10 min in a Waring Blendor at approximately 5000 rpm. All DNA preparations were denatured by alkali6 and their solutions were subjected to dialysis against 0.7 M NaCl.' All saline solutions were made 0.05 M with respect to phosphate buffer of pH 6.7.
Strand separation: The application of an intermittent gradient elution technique to chromatography on MAK columns has been described previously.' Routinely, 2-4 mg of denatured DNA were applied to a standard MAK column and eluted by means of a linear salt gradient of 0.7-1.5 M NaCl, a total of 500 ml of eluent being employed. Individual fractions (0.25-0.75 mg DNA) were rechromatographed on small MAK columns containing about one quarter of the usual quantity of adsorbent; intermittent gradient elution was then performed with 200-250 ml of total eluent. Before being thus recycled, the DNA fractions were dialyzed in the cold against 1-liter volumes, first of 0.3 and then of 0.7 M NaCl.
Transformation assays: The procedures have been described before. 6 The recipient strain of B. subtilis employed was Mu8u5u16 (ade-, leu-, met-).
Base composition: The acid hydrolysis and the paper chromatography of the hydrolysates were performed as before.3
Results and Discussion.-Rechromatography of B. subtilis DNA fractions: It was desirable to ascertain the homogeneity of the two fractions from denatured B. subtilis DNA described in our previous communication. ' The eluates of the fractions collected from a standard-size MAK column (Fig. 1A) were rechromatographed separately on small MAK columns, again with the use of intermittent gradient elution. As can be seen in Figure 1B , the repeated chromatography revealed no gross inhomogeneity of the initial L and H fractions, the contamination amounting mostly to about 5 per cent and never to more than 10 per cent. A third chromatography (Fig. 1C) yielded essentially homogeneous fractions. One may conclude that the fractionation observed was not due to artifacts produced by the intermittent elution procedure.
The partial restoration of the transforming activity, especially of that for adenine, observed previously upon the renaturation of the H fraction by itself,' was very much diminished, though not abolished entirely, through the repeated passage of the material through MIAK. This reduced reactivation upon selfannealing is not due to degradation during purification, as shown by the high recovery of transforming activity when the purified complementary strands are reniatured together. Representative results are showii in T UB E NUMBER Base composition of L and H fractions: Since it is now obvious that the elution procedure used here can serve to produce two distinct fractions from many different DNA preparations applied, in the denatured state, to MAK columns, one may inquire whether these chromatographic fractions can be regarded as complementary strands. Data on the direct analysis of the L and H fractions into which the DNA from seven bacterial species was separated are assembled in Table 2 and compared in each case with the composition of the intact DNA of the organism. This table also lists the characteristic molar ratios.
For an evaluation of the results, it will be best to consider first the DNA specimens belonging to the AT type (preps. 1-4). Especially in the DNA derived from the genus Bacillus (preps. 2-4), there can be little doubt that the L and H fractions fulfill the analytical requirements of completely complementary strands. Though the L fractions are invariably richer in purines and the H fractions richer in pyrimidines and though A and T are not paired in the same fraction nor G and C, the sums of A + T and of G + C are the same in both fractions and identical with those found in the intact DNA of the species. Moreover, there is a high degree of complementarity of the L and H fractions derived from the same DNA: the relationships that could be called the complementarity ratios, namely, the expressions AL/TH, GL/CH, CL/GH, TL/AH, PUL/PYH, and PyL/PuH, are all very near unity. In fact, the mean of all these ratios for all fractions listed in Table 2 is 1.00 with a standard deviation of 0.016. In a subsequent paper we shall show that the DNA of phage T4, whose separation into two fractions will be mentioned below also belongs to the DNA group yielding recognizably comple- case of the DNA specimens belonging to the equimolar and GC types (preps. 5-7, Table 2 ). In these instances, the A and T contents of the separated fractions are not widely different, and one could almost consider these bases as being paired in the same fraction; but the G and C contents vary significantly in each fraction and show full complementarity with their counterparts. For instance, in E. coli DNA (no. 5), whereas AL/TL = 1.02 and AH/TH = 0.98, the ratios of GL/CL and of GH/CH are 1.12 and 0.92, respectively; but the complementarity ratio GL/CH is 1.01 and CL/GH is 0.98. These observations on partial basepairing are reminiscent of previous findings8' 14, 15 concerning the composition of rapidly labeled RNA in bacteria. For example, the composition of pulselabeled RNA produced, during an 80-second pulse of P3"-orthophosphate, by a nonsynchronous culture of E. coli was found (unpublished experiments) to contain (as mole %G): A, 23.5; G, 27.3; C, 25.8; U, 23.4 ; this is quite similar to what would be expected of a transcript of the H fraction of the DNA (cf. no. 5, Table 2 ). 16 Our previous work on the complementary strands of B. subtilis DNA suggested an additional, entirely unexpected regularity, namely, the equality in either strand of 6-amino and 6-keto nucleotides (A + C = G + T).2 3 This relationship, which would normally have been regarded merely as the consequence of base-pairing in a DNA duplex and would not have been predicted as a likely property of a single strand, is shown here to apply to all strand specimens isolated from denatured DNA of the AT type ( 26 In all these cases the separated chains varied considerably, and sometimes vastly, in their nucleotide composition; and it is presumably for this reason that they were much more easily separable than the preparations described here. Almost all strand preparations described in the literature share with the ones discussed in the present communication a high degree in complementarity between the L and H chains; but only a few of the phage DNA specimens23' 27 can be said to approach the equality in either strand of the 6-amino and 6-keto nucleotides that we have stressed above.
It may be of interest to note that the DNA specimens that gave the best separation in our experiments (nos. [2] [3] [4] in Table 2 ) came from strains that are known to be hosts for phages yielding DNA readily separable into complementary strands, as has been mentioned. Whether this is more than a coincidence cannot be said, nor whether it is significant that these strains are also spore-forming. As is shown in Table 2 , in all preparations examined by us the H fractions were richer in cytosine than the L fractions, and in the AT types (nos. 1-4) they were also richer in thymine. Whether the cytosine moieties are really more frequently clustered in the H strands, as has been suggested recently,28 cannot yet be decided. The investigation of the distribution of pyrimidine isostichs in native microbial DNA preparations, at any rate, has shown polycytidylic acid runs of length 4 
